Introduction
Many compounds of the transition metals Mn, Co and Cu play essential role in biological living systems. Manganese is present in the oxygen evolving complex which is part of the photosystem(II) (Umena et al., 2011) , as well as in superoxide dismutase SOD (Law et al., 1998) , arginase (Costanzo et al., 2007) , glutamine synthetase (Takeda, 2003) and many other enzymes. Although the main biological importance of cobalt is its role in vitamin B12 -cobalamin, and its complexes as it can mimic this metalloenzyme, cobalt compounds are also well-known as DNA binding and photo-induced DNA cleaving agents (Tabassum et al., 2016; Peng et al., 2007) . The copper atom can be found in cytochrome c oxidase, superoxide dismutase (Yim et al., 1993) , hemocyanin (Festa et al., 2011) and others. Copper compounds containing 1,10-phenanthroline or its derivatives also exhibit SOD mimetic activity (Devereux et al., 2007; Bijloo et al., 1990) . The first chosen ligand, 1,10-phenanthroline (phen), is a strong field bidentate ligand that can form stable chelates with most first row transition metals and many of its compounds exhibit antimicrobial properties (Coyle et al., 2003; Kani et al., 2016) . Nitrogen-containing heterocycles, such as 1,10-phenanthroline, are electron-deficient aro matic systems and are predetermined for π-π stacking formation as π-acceptors (Janiak et al., 2000) , therefore, compounds of this type are interesting also from the supramolecular chemistry point of view (Sun & Xu, 2010) . The second used ligand, azide, can act as a monodentate as well as a bridging ligand, adopting the end-on or end-to-end modes to form complexes with different crystal structures varying from mononuclear to three-dimensional ones (Escuer et al., 1998) . Coordination mode of the azido ligand depends on the nature and oxidation state of the central metal ion, as well as on the nature of the other coordinated ligands and on the synthesis way of the complex (He et al., 2004; Cheng et al., 2014; Miao et al., 2006; Liu et al., 2007) . The azide anion is often used to study mechanisms of SODs actions and compounds that mimic SODs activity as an analogue of the superoxide radical anion due to the same charge possession and similar frontier orbitals (Gutman et al., 2013 3 of methanol (compounds 1 and 2) or in 40 cm 3 of distilled water (compound 3) and mixed together with 1,10-phenanthroline (0.36 g, 2 mmol) in the ratio of 1:2 and heated at 333 K for 10 minutes. In the next step, this mixture was treated with sodium azide (0.13 g, 2 mmol), and the solution was then heated to the boiling point, cooled down to room temperature and filtered. The resulting solution was left to slowly evaporate at room temperature. After a couple of days, yellow (compound 1), red (compound 2) or green (compound 3) single-crystals suitable for X-ray diffraction analysis were obtained.
X-ray crystallography
Crystal data and conditions of data collection and refinement are reported in Table 1 . Data collection and cell refinement were carried out using a Stoe StadiVari diffractometer equipped with a Pilatus 300K HPAD detector and a microfocused source Xenocs FOX3D (CuKα radiation) at 100 K. The structures were solved by direct or charge-flipping methods using SHELXT (Sheldrick, 2015a) or SuperFlip (Palatinus & Chapuis, 2007) and refined by the full-matrix least-squares procedure with SHELXL (ver. 2016 /4, Sheldrick, 2015b or Olex2.refine (Bourhis et al., 2015) . Positions of hydrogen atoms were placed geometrically using OLEX2 (Dolomanov et al., 2009) . Geometrical analyses were performed with SHELXL or Olex2.refine and the structures were drawn with OLEX2 (Dolomanov et al., 2009 ). P-1) . The Mn1 atom of 1 lies on a two-fold axis, and only half of the compound molecule is placed in the independent part of the cell. On the other hand, the full complex molecules of 2 and 3 are located in the independent parts of the cells. Central atoms are coordinated by four pyridine nitrogen donor atoms from two 1,10-phenanthroline ligands and two nitrogen donor atoms of azide anions. Molecules of 1,10-phenanthroline are positioned in the cis configuration, azide anions act as monodentate terminal ligands. The coordination polyhedra around Mn1 and Co1 atoms are of slightly distorted octahedral shape with the Tab. 1. Experimental details. {MN 6 } coordination chromophore. The Mn1-N and Co1-N bond distances are in the ranges of 2.145(2)-2.318(1) Å, and 2.068(1)-2.176(1) Å, respectively ( Table 2 ). The coordination polyhedron around the Cu1 atom can be better described as a highly asymmetric distorted tetragonal bipyramid, where one of the azido ligands is disordered in two positions with different Cu1-N8 distances ( Table  2 ). The equatorial bond distances in the equatorial plane (Cu1-N eq ) are in the range of 1.958(2)--2.043(2) Å (Table 2 ) and the axial bond distances (Cu1-N ax ) from one nitrogen donor atom of the 1,10-phenanthroline ligand, and one azide nitrogen atom are exactly 2.304(2) or 2.982(2) Å, respectively (Table 2) . Crystal packing of 1 is shown in Fig. 4 (Table 3) into 1-D supramolecular chains in the a axes (Figure 4 ). In the crystal structure of 1, also π•••π stacking interactions (Janiak, 2000) between aromatic rings of both 1,10-phenanthroline ligands can be observed. (Janiak, 2000) can be observed only between the aromatic rings of both 1,10-phenanthroline ligands. Crystal structure of 3 contains complex molecules and uncoordinated water molecules. One of the water molecules, O2W, lies around special position and the occupancy factor is exactly 0.5. The complex molecules and the uncoordinated water molecules are linked together via O-H•••N hydrogen bonds Tab. 3. Hydrogen-bonds geometry (Å, °). (Janiak, 2000) can be observed only between the aromatic rings of both 1,10-phenanthroline ligands.
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